Background A growing body of research is indicating that the tibial slope and the geometry of the tibiofemoral meniscal-cartilage interface may affect the risk of anterior cruciate ligament reconstruction (ACLR) failure. Increased lateral tibial posterior slope (LTPS) and reduced meniscal bone angle (MBA) are associated with increased risk of anterior cruciate ligament (ACL) injury. The significance of a LTPS-MBA ratio regarding the prediction of ACL failure risk remains unknown. As LTPS and MBA may eventually potentiate or neutralize each other, it is expected that a low LTPS-MBA ratio is associated with high chance of ACL graft survival while a high LTPS-MBA ratio is associated with high risk of ACL failure. Material and Methods Out of 1,487 consecutive patients who underwent hamstring ACLR between August 2000 and May 2013, 54 ACLR failures with intact lateral menisci were included in this study and matched one-to-one with 54 control participants by age, sex, graft, surgical technique, and graft fixation method. Control participants had undergone ACLR without signs of lateral meniscal injury, graft failure, or insufficiency. MBA and LTPS were assessed on magnetic resonance imaging. Logistic regression was used to identify LTPS/MBA key cut-off ratios. Results In this cohort, a LTPS-MBA ratio under 0.27 was associated with a 28% risk of ACLR failure (36% of patients), while a ratio exceeding 0.42 was associated with an 82% risk of ACLR failure (31% of patients). The odds of ACL failure increased by 22.3% per reduction of 1 degree in MBA (odds ratio [OR], 1.22; 95% limits, 1.1-1.34). No significant association was found between LTPS and the risk of ACL graft failure in transtibial ACLR, while the odds of ACL failure increased by 34.9% per degree of increasing LTPS in transportal ACLR (OR, 1.34; 95% limits, 1.01-1.79). No significant correlation was found between MBA and LTPS (p ¼ 0.5). Conclusion Reduced MBA was associated with significantly increased risk of ACL graft failure. A ratio of LTPS and MBA was found to be useful for the prediction of ACLR failure risk and may preoperatively help to identify patients at high risk of ACLR failure. This may have implications for patient counseling and the indication of additional extraarticular stabilizing procedures.
The anterior cruciate ligament (ACL) enables stable knee kinematics by limiting tibial rotation and anterior tibial translation. ACL reconstruction (ACLR) is performed to improve knee stability and shows overall satisfactory results and low revision rates.
1,2 Numerous studies have investigated factors which are associated with the etiology of ACL injury and ACLR failure to reduce ACLR failure rates. [3] [4] [5] [6] [7] In addition to neuromuscular control and other physiological factors, the geometrical shape of the knee joint including the posterior tibial slope and the meniscal-cartilage interface have been shown to affect the risk of ACL injury. [8] [9] [10] However, the influential strength of these geometrical factors and the influence on the risk of ACL failure are not yet fully understood. Christensen et al found that the tibial posterior slope is increased in patients with early graft failure after ACLR; a six-degree increase of tibial cartilage slope resulted in a 10 times higher risk of ACL graft failure. 11 Sturnick et al found that reduced meniscal bone angle (MBA) is associated with increased risk of ACL injury in females. 10 These findings could support the concept that increased tibial slope increases ACL graft strain, while a functional lateral meniscus contributes to restrain against tibial anterior translation and rotation and consequently may reduce graft strain.
12-17
Consequently, the integrity and geometrical shape of the lateral meniscus are of paramount importance for knee stability and may affect ACLR outcome. 18 The susceptibility of ACL graft failure is associated with numerous dependent and independent geometrical factors including notch width, meniscal slope, meniscal height, cartilage slope, and MBA.
10
Lateral tibial posterior slope (LTPS) and MBA represent two independent geometrical factors which may affect the risk of ACL failure and which may eventually potentiate or neutralize each other. LTPS and MBA can be assessed on magnetic resonance imaging (MRI) on the same slide with high reliability. 10, 19 The purpose of this study was to investigate whether reduced MBA is associated with increased risk of ACL graft failure and if the LTPS-MBA ratio represents a feasible method for the assessment of ACLR failure risk.
Material and Methods
After approval by the local ethics committee, a cohort of 1,480 consecutive patients who underwent ACL hamstring reconstruction surgery by a single surgeon between August 2000 and May 2013 was reviewed. In the hospital database, 86 ACLRs had been identified as failures by means of clinical failure and MRI with or without subsequent ACL revision surgery. Clinical failure was defined as ACL graft rupture or insufficiency with consecutive subjective instability and abnormal laxity upon clinical examination. Laxity was not consequently quantified by means of an arthrometer. All patients were followed prospectively with active evaluation 1 year postoperatively and hereafter by need-based appointments. Patients were hereby advised to contact the clinic in case of complications including recurrent instability with or without preceding relevant trauma. Hamstring grafts, suspensory femoral fixation, and a tibial interference screw were used in all cases. Exclusion criteria (►Fig. 1) comprised nonacces- and MBA were assessed on MRI after ACL injury and before primary ACLR. All measurements were conducted by a single blinded observer on a radiology suite computer with the necessary software (OsiriX). Data are presented as mean values AE standard deviation and were investigated using logistic regression and receiver operating characteristic curve estimation by an independent professional statistician. For all analyses, a p-value of < 0.05 was considered significant.
Results
In this cohort, 39 patients (36%) showed a LTPS-MBA ratio of under 0.27 which was associated with a 28% risk of ACL failure, while 33 patients (31%) showed a ratio exceeding 0.42 which was associated with an 82% risk of ACL failure. 
Discussion
The primary finding of this study was that reduced MBA is associated with increased risk of ACL graft failure, regardless of ACLR technique and graft positioning. Second, increased LTPS was associated with significantly increased risk of ACL graft failure in the transportal failure group, while no significant association was found in the transtibial failure group. The results of this study suggest that the tibial slope has a higher impact on transportal ACLR compared with transtibial ACLR failure risk, while the MBA effects transportal and transtibial ACLR similarly; the reasoning for this discrepancy remains unknown and needs to be further investigated. However, a possible explanation could be that slope-related graft strain may be potentiated by nonisometric graft positioning, as in transportal ACLR, where the femoral tunnel had been placed central in the ACL footprint. The Ratio of Tibial Slope and Meniscal Bone Angle Sauer et al. e154 The
When examining the entire ACL failure group, 36% of the patients showed a LTPS-MBA ratio of under 0.27 and this was associated with a 28% risk of ACL failure, while 31% of the patients showed a ratio exceeding 0.42 which was associated with an 82% risk of ACL failure. The given cut-off points were derived from a logistic model for feasible sensitivity and specificity as well as negative and positive predictive values.
No correlation between MBA and LTPS was found. Recent studies have underlined the contribution of the lateral meniscus to rotational knee stabilization, especially in ACL deficient knees. 10 which supports the assumption that the geometrical shape of the lateral meniscus affects ACL strain forces in normal knees. Furthermore, the geometrical shape of the lateral meniscus may become more influential in ACL reconstructed knees where rotational stability is not fully restored. This may not only have implications for meniscal treatment procedures but also for the assessment of ACL failure risk depending of geometrical factors of the knee joint. Recent studies have shown that increased tibial slope is associated with increased risk of ACL injury and ACLR failure.
17,19,23
Increased anterior tibial translation is thought to be the primary mechanism for this finding. 19 As the position of the menisci is dependent on the underlying surface, it seems conceivable that increased LTPS levels out the femoral meniscal interface angle (FMIA) without substantially affecting MBA, while increased MBA steepens the FMIA without affecting LTPS (►Fig. 4). This could be the explanation why increased MBA may theoretically neutralize increased LTPS (►Fig. 4) and why the combination of increased LTPS and decreased MBA may be associated with increased risk of graft failure (►Fig. 5). ACL rupture results in subluxation of the tibiofemoral joint. Increased lateral tibial slope may increase the acceleration of this event, which normally is counteracted by the posterior meniscal horn (►Fig. The Ratio of Tibial Slope and Meniscal Bone Angle Sauer et al. e156
is accountable for deceleration of the femur in pivoting events in contrast to active muscle stabilization, which may be of greater importance.
However, the susceptibility of ACL injury and ACLR failure is multifactorial including the surgical technique, neuromuscular conditions, patient age, level of function, timing of return to sport, compliance to rehabilitation protocols, acquired concomitant injuries, and structural anatomy of the knee joint.
3-7,23-29 Some factors may also be mutually dependent, e.g., young patient age has been shown to be associated with increased tibial cartilage slope which itself is associated with higher incidence of concomitant meniscal injury and early graft failure. 11 An increasing body of literature is indicating that the cartilage and meniscal slopes may play a more important role for knee kinematics than subchondral slopes. Christensen et al found that the tibial posterior cartilage slope is increased in patients with early graft failure after cruciate ligament reconstruction, 11 while
Sturnick et al found that reduced MBA is associated with increased risk of ACL injury in females. 10 In addition, an association between meniscal slope and increased risk of ACL injury has been described. 30 However, the reliability of some measuring techniques has been questioned. Meniscal slope is measured by connecting the peaks of the anterior and posterior horn of the meniscus and it seems conceivable that the geometry of the posterior meniscal horn may have been the primary mechanism for this previously described association. 10 Furthermore, cartilage slope is measured as a tangent to an eventually convex cartilaginous center of the lateral tibiofemoral compartment, which may impede measurement accuracy and reproducibility. Sturnick et al depicted statistically significant relationships between several geometrical intra-articular features including a correlation between MBA and the meniscus-cartilage height.
10
The assessment of these geometrical features using MRI is controversially discussed. Even though high measures of reliability for several slope measurement methods are reported in the literature, 9,10 there is disagreement regarding the actual slope values 19 ; key slope cut-off points which are associated with significantly increased risk of ACL failures are therefore difficult to determine. In this study, we have focused on two geometrical features without substantial correlation that may affect graft strain and which can be measured on the same MRI slide with high reliability.
10,19
Furthermore, the ratio of LTPS and MBA may be of greater importance than the actual slope value, as it might be conceivable that MBA may neutralize or potentiate LTPS and vice versa. The Ratio of Tibial Slope and Meniscal Bone Angle Sauer et al. e157
This document was downloaded for personal use only. Unauthorized distribution is strictly prohibited.
An increasing body of research is emphasizing the contribution of the lateral meniscus to sagittal knee stability 18, 22 and the importance of meniscal integrity for better ACLR outcomes. Consequently, meniscal repair procedures including the transtibial technique for meniscal root repairs have been popularized. 21 However, the exact contribution of the 
Perspective
A growing body of research is indicating that the tibial slope and the geometry of the tibiofemoral meniscal-cartilage interface affect the risk of ACL injury. 10, 11 Increased tibial slope (LTPS) may accelerate pivoting kinematics while the menisci may be of paramount importance for deceleration of these events. To our knowledge, this is the first study to combine the tibial slope and MBA to assess the risk of ACL failure. In the future, MRI-based assessment of geometrical features of the knee joint prior to ACLR surgery may help to identify patients at high risk of ACLR failure. This may have implications for patient counseling and the indication of additional extra-articular stabilizing procedures.
